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Congenitally a thymic "nude" (RNU / RNU) rats and 
euthymic ( + /RNU) rats were cutaneously inoculated 
with Trichophyton mentagrophytes. Dermatophytosis, as 
evidenced by erythema and scaling, was observed in 
both athymic and euthymic rats by day 7 postinfection. 
Macroscopic lesions in + /RNU rats became intensely 
erythematous (climax days 10-14), were limited in 
spread and alopecia (days 16- 20), and healed with hair 
regrowth by day 35. In nude rats, however, erythema 
peaked early (days 8 - 10) and a persistent, mild erythema 
and scaling spread over the animals' backs. Viable T. 
mentagrophytes was cultured from the skin of all infected 
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nude rats for the duration of each experiment (90 days), 
while + /RNU rats became culture-negative by day 35. 
Following clearance of primary lesions, + / RNU rats 
manifest a delayed-type hypersensitivity skin test r e -
sponse to soluble trichophytin and an accelerated cuta-
neous inflammation and enhanced resistance t o r einfec-
tion. Although T. mentagrophytes primarily invaded the 
keratinized layers of the epidermis in both nude and + 1 
RNU rats, hyphae and arthrospores were also observed 
within the nucleated layers of the internal root sheath of 
hair follicles. 
Our observations are consistent with the hypothesis 
Abbreviations: 
CBH: cutaneous basophil hypersensitivity 
CMI: cell-mediated immunity 
DTH: delayed-type hypersensitivity 
ERS: external root sheath 
IRS: internal root sheath 
PAS: periodic acid-Schiff 
PMN: polymorphonuclear neutrophil 
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that thymus-dependent cell-mediated immunity is re-
quired to limit cutaneous spread and terminate cuta-
neous T. mentagrophytes infection. This acquired immu-
nity against T. mentagrophytes in + /RNU rats was char-
acterized histologically by: (1) an intense inflammatory 
migration of lymphocytes, monocytes, and macrophages 
into the epidermis, dermis, and follicular epithelium; (2) 
hyperplasia of the epidermis and follicular epithelium; 
and (3) elimination of arthrospores and hyphae from T. 
mentagrophytes-infected skin. 
The dermatophytes are a group of ubiquitous pathogenic 
fungi which cause a variety of diseases (tineas) of the skin, hair, 
and nails in humans and animals. Invasion of the host is usually 
restricted to the dead keratinized layers of the epidermis [1] 
yet these localized infections can sensitize the immunocompe-
tent host to fungal antigens [2,3]. 
The guinea pig has been the most widely studied experimen-
tal model of dermatophytosis because of its susceptibility to 
infections with dermatophytes isolated from humans, and its 
manifestation of in vivo and in vitro correlates of cell-mediated 
immunity following infection [ 4- 6]. The major limitation of the 
guinea pig model is the self-limiting course of the disease, which 
does not reflect the chronic, extensive dermatophytosis ob-
served in humans [7-10]. Attempts to enhance the chronicity 
of experimental dermatophytosis in the guinea pig with steroids 
has met with limited success [11]. The need for an animal 
model of dermatophytosis that mimics the chronic infections of 
humans is obvious. 
In general, rats and mice have a reputation of being resistant 
to dermatophytoses and have not been widely used as experi-
mental models for dermatophytosis. In 1956 Kligman [12] con-
cluded that rats and mice are susceptible to cutaneous derma-
tophytosis only during a limited part of their hair cycle (late 
anagen) and they do not become sensitized to fungal antigens 
or manifest "relative immunity" to cutaneous reinfection. Re-
cently, Allen and Taplin [13] suggested that rats were the most 
likely animal reservoir for Trichophyton mentagrophytes infec-
tions of servicemen in Vietnam. 
Our laboratory has been studying innate and acquired resist-
ance to dermatophytosis in congenitally athymic (nude) mice 
and rats. We reasoned that these animals should mimic the 
weak or· anergic cell-mediated immune (CMI) responses to 
trichophytin often observed in chronically infected humans 
[1]. We recently observed that chronic T. mentagrophytes 
dermatophytosis can be initiated on guinea pig skin grafted 
onto nude mice, but that BALB/c mouse skin (nu/nu and+/ 
nu) is resistant to experimental T. mentagrophytes infection 
[14]. 
The present study was initiated to compare and contrast the 
infectivity and histopathology of T. mentagrophytes dermato-
phytosis of athymic (nude) and euthymic (+/RNU) rats in 
order to assess the role of the thymus in acquired immunity to 
dermatophytosis. We observed that while both nude (RNU/ 
RNU) and heterozygous (+/RNU) rats could be cutaneously 
infected with T. mentagrophytes, only the + /RNU rats had the 
capacity to eliminate the fungi from the skin. 
MATERIALS AND METHODS 
Rats 
Congenitally athymic (RNU/RNU) rats, hereafter designated nude, 
and their heterozygous euthymic littermates, hereafter designated +/ 
RNU, were selected at 8-10 weeks of age from a stock which had been 
backcrossed into Fischer-344 rats. Rats were housed individually in 
ftlter-topped cages and fed autoclaved Purina 5010C rodent chow 
(Ralston Purina Co., Inc., St. Louis, Missow-i) and sterile water ad 
libitum. 
Organism and Infection 
Nude (n = 21) and +/RNU (n = 26) rats were shaved on the rear 
flank and inoculated directly (without occlusion) with T. mentagro-
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phytes var. granulare (ATCC 18748) by rubbing hyphae and spores 
from a 2-week plate cu lture onto the skin (ru 1 cm2) with a cotton-
tipped swab (4]. Animals were observed daily for macroscopic evidence 
of inflammation, crusting, and scaling. 
Histopathology and Culturing 
At random intervals after inoculation (days 6-90) skin lesions from 
nude and + /RNU rats were cultured on Sabow-aud's dextrose agar 
plates and Dermatophyte Test Medium (Gibco Diagnostics, Madison, 
Wisconsin), and biopsied for histopathology. Tissue biopsies were fixed 
in Hollonde-Bouin's fixative for 24-48 h [15], dehydrated in ethanol, 
and embedded in glycol methacrylate for sectioning on a JB-4 micro-
tome (Sorvall, Newtown, Connecticut). Plastic sections were stained 
with periodic acid-Schiff (PAS) stain to demonstrate fungi, with azure 
A-eosin B to differentiate inflammatory leukocytes, or both [15]. Dif-
ferential cell counts in 5 adjacent oil objective (lOOx) fields in the deep 
dermis were made on skin test biopsies using the method of Askenase 
[16]. 
Trichophytin Antigen 
T. mentagrophytes was grown at 25°C in fluid SaboUl·aud's medium 
on a rotary shaker (150 rpm) for 90 days. Soluble (crude) trichophytin 
was prepared by filter sterilization (0.22 p.) of the culture supernatant. 
Protein concentration was estimated by the method of Lowry et al 
[17]. 
Shin Testing 
Rats were shaved on the flank and injected intracutaneously with 
140 p.g (protein) of soluble trichophytin in 0.1 ml of pyrogen-free saline 
(Elkins-Sinn, Cherry Hill, New Jersey). The degree of erythema was 
scored 0-6 as described by Halliburton and Blaskovec (18], the diameter 
of erythema (mm) was measured in 2 planes at right angles to each 
other, and induration (increase in double-skin thickness) was measured 
by pinching the skin with a micrometer (Schnelltaster, H.T. Kriiplin, 
Hessen, Germany). 
RESULTS 
Macroscopic Primary Lesions 
All nude and+ /RNU rats developed visible cutaneous lesions 
within 1 week after inoculation with T. mentagrophytes. The 
initial signs of infection were erythema followed by fine diffuse 
scaling in inoculated skin sites (Table I). Inflamed areas began 
spreading and scaling during the second week after infection in 
both genotypes. Peak (most intense) erythema was observed 
earlier in nude rats (days 8-10) than in +/RNU littermates 
(days 10-14). Lesions on +/RNU rats spread (25-30 mm in 
diameter) and were at their maximum by days 10-14. Lesions 
on nude rats were diffuse, patchy, and ill-defined. Tiny crusts 
and scabs (1-2 mm') were visible on the nude rat skin by day 10 
and these infected areas were apparent over the entire back of 
the animal by day 35. By day 21 erythema in both nude and 
+/RNU rats was reduced and hair regrowth was initiated in 
the majority of infected+ /RNU rats. Healing and hair regrowth 
(days 21-28) was more rapid in female ±/RNU rats, and lesion 
sites appeared normal by day 28. A mild erythema ( + 1 to + 2) 
persisted in some male + /RNU rats through day 33. Mild 
erythema, scales, and scattered tiny crusts persisted on the 
backs ofT. mentagrophytes-infected nude rats for the duration 
of the experiments (90 days). All infected nude rats remained 
culture-positive for T . mentagrophytes, while the skin of + / 
RNU rats appeared normal and was culture-negative for T. 
mentagrophytes by day 35. 
Histology of Normal Nude and +/RNU Skin 
The histology of skin biopsies from normal, uninfected flank 
skin from nude and + /RNU rats was compared. A thin epider-
mis (2-4 cell layers) and similar keratinization of the stratum 
corneum was characteristic of the skin of both genotypes. Hair 
follicles were well developed in the +/RNU rats and contained 
thick hail: shafts (hard keratin) which extended beyond the 
epidermis. Conversely, the germinal matrix of many nude rat 
hair follicles was smaller and few contained hair. Hair shafts in 
the nude rat were noticeably thinner and seldom extended 
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TABLE I. Stages in the development of macroscopic lesions during primary cutaneous T. mentagrophytes dermatophytosis of athymic 
(RNU/ RNU) and euthymic (+ ! RNU) rats 
Genotype Erythema/ scale 




Alopecia (crusts/ sca rs) 
Numerous, tiny, scattered 
Hea ling (hai1· regmwth) 






Intense, diffuse, self- limi ting (cli-
max days 10-14) 
Restricted by days 16-21 Fewer, large r, contiguous Days 20-35 
FIG 1. T. mentagrophytes-in fected nude rat skin (day 7). PMNs 
have infiltrated a hair fo llicle containing hyphae. (PAS X 600) 
beyond the sebaceous glands. Thus, underdeveloped (rudimen-
tary) fo llicular development and abnormal keratinization of 
hair .shafts morphologically correlate with the defective hair 
development seen in nude rats. Cellular infiltration into the 
dermis of both genotypes was minimal. 
Histopathology of Primary T. mentagrophytes-Induced Skin 
Lesions 
Biopsies ofT. mentagrophytes-infected skin were taken from 
+/RNU rats (days 6-35) and nude rats (days 6- 90) and exam-
ined microscopically for hypha! invasion, cellular infiltration, 
and pathologic alterations of the dermis and epidermis. The 
following descriptions represent the salient features that were 
observed in skin biopsies from nude and + / RNU rats at each 
indicated time interval following infection. 
Days 6-8: The acute stages of epidermal invasion and host 
response to T. mentagrophytes appeared to be similar in biop-
sies from nude and + / RNU rat skin. Hyphae, in low numbers, 
were first seen scattered throughout the stratum corneum and 
immediately adjacent to the stratum granulosum of the epider-
mis by day 6 in both genotypes. Acanthosis, hyperkeratosis, 
and parakeratosis were the first observed changes in the T. 
mentagrophytes-infected epidermis (nude and + / RNU). 
Acute polymorphonuclear (PMN) leukocyte microabscesses 
and microulcerations of the epidermis adjacent to the invading 
T. mentagrophytes hyphae and a mild infiltration of mononu-
FIG 2. T. menta.grophytes-infected nude rat skin (day 11) . Epider-
mal PMN microabscesses encompass invading hyphae in the stratum 
corneum but not the hyphae visible within the follicular orifice. (PAS, 
X 240) 
clear cells into the reticular and papillary dermis was evident in 
both genotypes by day 8. PMN inftltration was also observed in 
some deeper hair follicles of nude and + / RNU rat skin that 
were invaded by hyphae (Fig 1). 
Days 10-14: In both genotypes, many deep hair follicles 
contained hyphae and arthrospores. Hypha! invasion was pri-
marily in dead keratinized tissues, but hyphae were also ob-
served "embedded" in the viable internal root sheath (IRS) and 
penetrating just beyond Adamson's fringe. By day 10, however, 
the cellular inflammatory response into the T. mentagrophytes-
infected skin of + / RNU . rats was dramatically different from 
that observed in nude rats. Whereas a continued PMN inflam-
mation into infected epidermis (Fig 2) and hair follicles was still 
evident in nude rat lesions, the cellular infiltrate into infected 
+ /RNU skin had shifted to lymphocytes, monocytes, and mac-
rophages. These mononuclear cells had infiltrated t he external 
root sheath (ERS) of iTifected hair follicles in + / RNU rats, but 
not the IRS or follicular lumen that contained hyphae and 
arthrospores (Fig 3). Hyphae were still visible in the outer 
layers of the hyperkeratotic stratum corneum in + / RNU rat 
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FIG 3. T. mentagrophytes-i,Uected +/RNU rat skin (day 10). The 
ERS of an infected hair follicle is infiltrated with mononuclear cells. 
Many arthrospores are present. (PAS, X 600) 
skin (days 10-11) but the acanthotic epidermis did not contain 
PMN microabscesses. Arthrospores encased in exfoliating fol-
licular keratin could be seen above the epidermis in +/RNU 
rat lesions (days 10-11). 
On day 14 most infected hair follicles in nude rats were not 
infiltrated · with any inflammatory cells; however, some hair 
follicles had apparently collapsed and were nearly obliterated 
by a PMN / mononuclear abscess which appeared to destroy the 
structural integrity of the follicular epithelium. Conversely, the 
majority of infected hair follicles (day 14) in +/RNU rats were 
encompassed and infiltrated by a focal influx of small to medium 
sized mononuclear cells. Mononuclear invasion of infected fol-
licular epithelium in +/RNU rats was associated with mild 
spongiosis of the ERS, but the extensive follicular damage 
observed in nude rat biopsies was not evident (day 14) . It should 
be noted that the lumens of a few infected + / RNU hair follicles 
were infiltrated with PMNs and mononuclear cells; however, 
destruction of the follicular matrix was not evident, 
Days 21-35: During this time interval, the following similar-
ities were noted in the histopathology of nude and + / RNU rat 
lesion biopsies: (1) hyphae and arthrospores became increas-
ingly difficult to find and the majority of hair follicles, especially 
in the reticular dermis, did not contain hyphae; (2) infected hair 
follicles showed marked hyperplasia of the ERS; and (3) PMN 
microabscesses in the epidermis were seen only occasionally. 
Two principal differences were observed in the histopathol-
ogy of nude and + /RNU rat lesions. First, the ERS of the 
majority of +/RNU rat hair follicles, even those in which 
hyphae or arthrospores were not evident, were infiltrated with 
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lymphocytes, monocytes, and macrophages (Fig 4). Conversely, 
in nude rat lesions, even obviously invaded hair follicles showed 
little perifollicular inflammation (Fig 5) . Second, the nucleated 
(basophilic) cell layers of the IRS of only infected +/RNU rat 
hair follicles extended beyond the keratinized stratum corneum 
and hyphae were not observed within hair shafts (Fig 6). In 
contrast, the nucleated cell layers of the IRS did not extend 
beyond the stratum corneum in infected nude rat hair follicles 
and intrapilliary hyphae were abundant (Fig 7).In uninfected 
rat skin, the IRS normally becomes keratinized (eosinophilic) 
and does not extend above the level of the sebaceous glands. 
On day 35 a chronic inflammation, consisting of lymphocytes, 
monocytes, plasma cells, and macrophages (some coalescing 
into giant cells), was observed in the dermis of + / RNU rat skin. 
Conversely, nude rat skin (day 35) contained multiple PMN/ 
mononuclear abscesses in the hypodermis, without visible hy-
phae, similar to those observed around collapsed hair follicles 
on day 14. Hyphae, in low numbers, persisted in the stratum 
corneum of nude rats, but not + / RNU rats. 
Days 64-90: Numerous hyphae were visible in the acanthotic, 
hyperkeratotic epidermis of all nude rat skin biopsies (Fig 8) 
and mononuclear inflammation of the dermis and epidermis 
was diffuse and mild with few neutrophils. Focal PMN/ mono-
nuclear inflammation was evident around infected hair follicles 
in the reticular dermis of nude rat biopsies. 
Reinfection Lesions (+I RNU) 
Two weeks after resolution of primary lesions, the opposite 
flank of +/RNU rats was shaved and cutaneously reinfected 
with T. mentagrophytes hyphae and spores. An accelerated 
time course of lesion development resulted, and erythema was 
FrG 4. T. mentagrophytes-infected + / RNU skin (day 21). Perifollic-
ular infiltrate of mononuclear cells around hair follicles without visible 
hyphae. (PAS x 240) 
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culture-negative (6/6) forT. mentagrophytes by day 14. Healing 
and hair regrowth was apparent by day 21. The histopathology 
of climax reinfection lesions (day 4) was characterized by: (1) 
hypha! invasion of only the superficial stratum corneum; (2) 
•"' epidermal acanthosis, hyperkeratosis, and parakeratosis; (3) 
epidermal PMN microabscesses; (4) dilatation of capillaries in 
the middle and upper dermis; and (5) mononuclear invasion 
and spongiosis of the epidermis and upper dermis. On day 14 
postreinfection, hyphae and arthrospores were no longer visible 
in biopsies of + / RNU rat skin. 
FIG 5. T. mentagrophytes hyphae invading nude rat hair follicle 
(day 24) . Note marked hyperplasia of ERS and mild perifollicular 
infiltrate of monocytes. (PAS/azure A-eosin B, X 240) 
FIG 6. T . mentagrophytes-infected + / RNU skin (day 24). Hyphae 
and arthrospores are within the nucleated (basophilic) internal root 
sheath (arrows) which extends beyond the acanthotic epidermis. The 
hair shaft within the infected follicle is not invaded by hyphae. (PAS/ 
azure A-eosin B, X 240) 
evident at the inoculated site in 4/6 rats at 24 h and 6/6 rats by 
72 h. The diffuse erythema and mild scaling peaked about 4-5 
days after reinfection, 1 week earlier than during the primru·y 
infections, and was nearly imperceptible by day 7. Lesions were 
Hypersensitivity Skin Testing 
In order to determine whether nude or + / RNU rats could 
respond with delayed-type hypersensitivity (DTH) to tricho-
FIG 7. T. mentagrophytes hyphae invading keratinized layers of 
folliculru· orifice in nude rat skin (day 24). Note the acanthosis of the 
folliculru· epithelium, the mild cellularity of papillary dermis, and the 
keratin bruTier between the invading hyphae and the keratinized stra-
tum corneum (arrows). (PAS/azure A-eosin B, X 240) 
Frc 8. T. mentagrophytes-infected nude rat skin 90 days postinoc-
ulation. Numerous hyphae persist in the hyperkeratotic stratum cor-
neum and there is a mild monocytic inflammation of the papillru·y 
dermis. (PAS, X 240) 
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TABLE II. Delayed-type hypersensitivity shin test response to trichophytin in athymic (RNU! RNU) and euthymic (+! RNU) rats cutaneously 
infected with T . mentagrophytes 
Time after injection" 
Rat genotype No. of rats T. menlagrophy les in- 24 Hours 48 Hours fection 
Erythema" Degree< Induration" Erythema Degree Induration 
+ / RNU 15 + 17.5±4.7 2.0 ± 0.9 2.30 ± 1.38 15.6 ± 2.8 2.1 ± 0.8 2.42 ± 1.50 
+ / RNU 5 1.7 ± 3.6 0.2 ± 0.4 0.84 ± 0.55 0 0 0.55 ± 0.48 
RNU/ RNU 10 + 0 0 0.43 ± 0.46 0 0 0.32 ± 0.52 
RNU/ RNU 3 0 0 0.68 ± 0.56 0 0 0.60 ± 0.54 
" Each rat was injected intracutaneously with 0.1 ml undiluted soluble trichophytin (-1400 11g protein/ ml) . 
1
' Mean diameter (mm) of erythema(± S.D.) . 
<Mean degree of eryt hema 0 to +6 (±S.D.). 
" Mean increase in double-skin (pinched) thickness (mm; ±S.D.). 
" Uninfected controls. 
TABLE III. Cellular characterization of trichophytin shin test lesions in athymic and euthymic rats 
Cells counted" 
Genotype No. Total 
Basophils Eosinophils Mast cells Neutrophils Lymphocytes Mononuclear cells 






3 ±4 6±5 
0 1.5 ± 2.1 
49 ± 24 60 ± 47 197 ± 34 314 ± 87 
24 ± 34 7 ± 10 97 ± 0.71 130 ± 46 
" Total cells counted in 5 oil immersion fields (1000X) in the dermis in areas of most intense inflammation (16). 
" Rat skin was injected intracutaneously with 0.1 ml soluble trichophytin containing 140 /lg protein. 
<Biopsies were taken 48 h after antigen injection. 
" Biopsies were taken 24 h after antigen injection. 
phytin following a primary infection, each rat was injected 
intracutaneously with 0.1 ml of soluble trichophytin 45-90 days 
after primary inoculation. 
Nude rats, chronically infected with T. mentagrophytes, had 
barely perceptible skin reactions at 24-48 h in comparison to 
the intense erythema and induration manifested by the +/RNU 
rats that had cleared the dermatophytosis (Table II). The 
induration of the T. mentagrophytes-infected nude rat was no 
greater than uninfected nude and + / RNU rats. The skin test 
responses of + / RNU rats peaked at 24 hand persisted through 
48 h. 
Skin test sites of nude (2 at 24 h) and + / RNU rats (5 at 48 
h) were biopsied for histologic characterization. Positive skin 
test reactions in + / RNU rats were characterized by an intense, 
diffuse, and multifocal perivascular infiltration of lymphocytes, 
mononuclear cells, and neutrophils into deep dermis, subcuta-
neous muscle layer, and deep connective tissue (Table III). 
Cellular in(iltration into the middle and upper dermis was mild 
and occasional PMN microabscesses were visible in the stratum 
corneum of both + / RNU and nude rats. Nude rats did not 
manifest this intense mononuclear response to trichophytin at 
24 h. 
DISCUSSION 
These data present strong evidence that acquired immunity 
to T. mentagrophytes dermatophytosis in the rat is thymus-
dependent. Although T . mentagrophytes can readily infect nude 
and + / RNU rat skin, only the + / RNU rats manifest healing of 
the primary lesions, eliminate the fungi, and show enhanced 
resistance to reinfection. The acquired immunity of +/RNU 
rats correlates with their capacity to initiate an intense lym-
phocytic/monocytic infiltration into infected skin sites, and to 
respond with DTH to trichophytin following infection. Con-
versely, nude rats remain chronically infected with T. menta-
grophytes and do not manifest an intense lymphocytic/ mono-
cytic infiltration into infected skin or DTH (24-48 h) to intra-
dermal injection of trichophytin. This inability of nude rats to 
respond with DTH to trichophytin agrees with previous reports 
of defective CMI in nude rats [19-21]. 
The guinea pig has been the most extensively studied exper-
imental model of dermatophytosis (reviewed in [22,23]) . The 4 
clear-cut phases of experimental dermatophytosis in guinea pigs 
(incubation, spreading, climax, and clearing) have been reported 
to reflect the development of specific acquired immunity ob-
served in experimentally infected humans [24]. Following a 
primary dermatophyte infection, guinea pigs manifest a DTH 
skin response to trichophytin which correlates with enhanced 
resistance to reinfection [5,6,25]. The +/RNU rat goes through 
a predictable time course of primary disease similar to the 
guinea pig, becomes sensitized to soluble trichophytin (DTH), 
and eliminates a secondary T. mentagrophytes infection 3 weeks 
faster than a primary infection. These criteria should be suffi-
cient to consider the rat model of dermatophytosis as attractive 
as that of the guinea pig. 
Our observations differ from those of Kligman [12] who 
reported that rats are susceptible to cutaneous T . mentagro-
phytes infection only during a brief interval of the hair cycle 
(late anagen), do not respond to intracutaneous trichophytin 
skin test following infection, and show no enhanced resistance 
to reinfection. Our experimental infections were initiated with-
out regard to the stage of skin or hair cycle. Although we cannot 
explain these contradictions, they could simply be due to the 
differences in the strain of T. mentagrophytes or rats that we 
used. It is known, however, that skin histamine and serotonin 
concentrations, as well as skin mast cell numbers ru·e appreci-
ably altered during skin cycles in the rat [26] and that histamine 
is able to modulate cutaneous hypersensitivity reactions [27]. 
Further investigation into the relationship of skin cycles to 
susceptibility and clearance of dermatophytosis is warranted. 
The major limitation of experimental dermatophytosis in 
normal (immunocompetent) animals is that lesions heal spon-
taneously and do not reflect the chronic, and at times, extensive 
dermatophyte infections observed in humans. Patients with 
chronic dermatophytosis are often ~haracterized immunologi-
cally by immediate hypersensitivity with weak or negative 
DTH to trichophytin, anergy to other DTH skin test antigens 
and contact agents, and low in vitro lymphocyte transformation 
reactions [1-3,7]. Thus, it has been widely conjectured that 
thymus-dependent CMI is necessary for the development of 
acquired immunity to dermatophytosis in humans. The nude 
rat mirrors 2 important aspects of human dermatophytosis: (1) 
the chronicity of the dermatophyte infection, and (2) anergy to 
correlates ofCMI, i.e., negative trichophytin skin test. However, 
the nude rat is also unable to manifest T-dependent antibody 
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responses, especially IgE [28]. Thus, the nude rat, unlike many 
atopic humans with chronic dermatophytosis, can become 
chronically infected with T. mentagrophytes in the apparent 
absence of reagenic antibody [3,29-31]. 
Guinea pigs sensitized by cutaneous infection with T. men-
tagrophytes respond with cutaneous basophil hypersensitivity 
(CBH) (24-48 h) to intracutaneous injection of soluble tricho-
phytin [ 4,32]. The delayed skin test reactivity we observed in 
+/RNU rats, sensitized by infection, was characterized histo-
logically by an infiltration of lymphocytes and mononuclear 
cells and contained less than 1% basophils or mast cells. At-
tempts to produce CBH in rats, utilizing immunization and skin 
testing procedures that produce CBH in guinea pigs, have been 
reported to result in delayed responses which also do not 
contain basophil or mast cell infiltrates [16]. Thus, CBH has 
not been demonstrated in rats, and CBH to trichophytin is 
apparently not an absolute requirement for the development of 
acquired resistance to cutaneous dermatophytosis. The tricho-
phytin skin test response of +/RNU rats compared more closely 
to histologic descriptions of delayed tuberculin reactions in the 
rat, which also have been shown to be thymus-dependent [33]. 
Our results also concur with the observation of Flax and Waks-
man [34] who reported that cutaneous hypersensitivity reac-
tions in the rat exhibit marked induration with faint erythema 
and require greater antigen concentration (ru 5-fold) than that 
required to elicit a similar response in the guinea pig [ 4]: 
The mechanism by which T. mentagrophytes is eliminated 
from the skin of + /RNU rats is not known. Acquired immunity 
against T . mentagrophytes must prevent peripheral spread in 
the keratinized stratum corneum and remove T. mentagro-
phytes hyphae and arthrospores from hair follicles while pre-
venting reinfection of the keratinized epidermis. Our observa-
tions suggest at least 3 factors that may facilitate clearance of 
T. mentagrophytes from + /RNU rat skin: (1) increased epider-
mal and follicular proliferation (acanthosis, parakeratosis, hy-
perkeratosis); (2) neutrophil chemotaxis and release of inflam-
matory mediators; and (3) thymic-dependent mononuclear in-
flammation which results in mild spongiosis of the infected 
epidermis and ERS of + /RNU hair follicles . In spite of marked 
epidermal proliferation and neutrophilic inflammation the nude 
rat remains chronically infected. Thus, clearance of T. menta-
grophytes correlates with the ability of + /RNU rats to respond 
with DTH to trichophytin and appears dependent upon the 
interaction of sensitized T lymphocytes with T. mentagrophytes 
antigen. 
The mechanism(s) by which T lymphocytes become sensi-
tized to T. mentagrophytes antigens, inhibit spreading, and 
eliminate fungi from the stratum corneum and infected hair 
follicles is also unknown. Three facts were obvious from micro-
scopic observations of +/RNU rat lesions. First, the invading 
hyphae did not appear to proliferate in the viable, nucleated 
cell layers of the epidermis or follicular epithelium. Second, the 
vast majority of mononuclear inflammatory cells infiltrate only 
the viable epidermis and ERS of infected rat skin and do not 
appear to make contact with the fungi. Third, the artlu-ospores 
and hyphae appeared to be eliminated by epidermal prolifera-
tion and exfoliation. Thus, the elimination of fungi from + / 
RNU rat skin appears to be mediated by a fungistatic, and not 
a fungicidal or phagocytic, mechanism. The pathologic changes 
observed in the epidermis of + /RNU rats during infection and 
reinfection with T. mentagrophytes resembles the infiltration 
of mononuclear cells and spongiosis that occurs in allergic 
contact dermatitis to epicutaneously applied chemical haptens 
and trichophytin patch testing (35]. This raises the possibility 
that during infection, fungal antigens are processed by epider-
mal Langerhans cells prior to recognition by T lymphocytes 
(36-38]. We hypothesize that the release of lymphokines or 
monokines [39] , and the increased permeability of the damaged 
epithelium to antibody or fungistatic serum factors [10,40,41], 
concurrently result in (1) accelerated epidermal proliferation, 
and (2) inhibition of hyphal proliferation and arthrospore ger-
mination within the keratinized epithelium. Epidermal prolif-
eration, initiated by DTH and nonspecific inflammation, has 
previously been implicated in defense against experimental 
cutaneous candidosis [ 42]. Although lymphokines have been 
shown to increase the epidermal proliferation of guinea pig skin 
in vivo [43], Artis and Jones [44] have recently reported that 
lymphokines (human) are not directly antagonistic to T. men-
tagrophytes ~n vitro. 
In spite of acute and chronic inflammation, and marked 
proliferation of the epidermis and ERS of infected hair follicles 
in T. mentagrophytes-infected nude rats, hyphal proliferation 
continues and the nude rat remains chronically infected. Thus, 
we conclude that the inflammatory response of the nude rat is 
not able to eliminate T. mentagrophytes from the dead keratin-
ized tissue. However, host inflammation does appear to damage 
the epidermal barrier and hair follicles and could account for 
hyphae within the deep dermis. These fungi are apparently 
eliminated from the dermis since hyphae were not observed in 
the dermis of nude rat lesions in subsequent biopsies (days 21-
90). A similar explanation for apparent hypha! invasion of the 
dermis has previously been proposed by Kligman (12]. Al-
though the nude rat is reportedly not "totally" T-cell deficient 
[ 45], we assume that their antifungal responses are either innate 
or thymus-independent. The early, intense PMN inflammatory 
response to T. mentagrophytes infection in nude rat skin lesions 
is abated by a chronic, but mild, mononuclear inflammation of 
the papillary dermis, epidermis, and the outer ERS of infected 
hair follicles. We have also observed an acute, transient PMN 
inflammation into T. mentagrophytes-infected guinea pig skin 
grafts on nude mice [14]. The thymus-independent mechanism 
by which neutrophils are chemotactically attracted into T. 
mentagrophytes skin lesions of nude rats and mice is not known; 
however, Ray and Wuepper [ 46] and Sohnle, Frank, and Kirk-
patrick [47] have described an acute, cutaneous neutrophilic 
response to Candida albicans infection that is mediated by 
direct activation of complement. We conjecture that epidermal 
hyperplasia and mononuclear inflammation somehow abrogate 
PMN chemotaxis to fungal antigens in chronic lesions on nude 
rat skin. 
In summary, we demonstrate that both athymic (RNU/ 
RNU) and euthymic (+/ RNU) rat skin is readily susceptible to 
T. mentagrophytes dermatophytosis. Cutaneous invasion in 
both genotypes is primarily limited to the stratum corneum and 
keratinized structures of hair shafts and follicles. Euthymic 
(+/RNU) rats can prevent peripheral spread and eliminate T. 
mentagrophytes from the skin within 5 weeks. This acquired 
immunity of + / RNU rats correlates with: (1) the presence of a 
thymus; (2) the capacity to respond rapidly (days 8-10) with an 
intense lymphocytic/monocytic inflammatory infiltrate of the 
T. mentagrophytes-infected skin; and (3) DTH (24-48 h) skin 
test response to soluble trichophytin antigen . Following clear-
ance of.primary T. mentagrophytes infection, + /RNU rats also 
show enhanced resistance to cutaneous reinfection. Conversely, 
congenitally athymic nude (RNU/ RNU) rats are unable to 
prevent peripheral cutaneous spread of the infection, become 
chronically infected, and fail to demonstrate a DTH (24-48 h) 
skin test response to soluble trichophytin antigen. Thus, 
athymic and euthymic rats provide a new model system of 
dermatophytosis that may be useful for fwther studies on the 
role of thymus-matured T cells in acquired resistance to der-
matophytosis. 
We appreciate the professional expertise of Donna Brackett in typing 
and editing this manuscript. 
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